,.@ Pur pose of Meeting

GPM
1. Stimulate Existing & Initiate New Partnerships,
Assess Partner Readiness & |dentify Assets

a. scientist engagement

b. space hardwar e & associated data streams

c. high quality validation supersites & associated data streams

d. high quality regional raingage networks & associated data streams
e. additional precipitation & ancillary data streams

2. Exchange Information on Major Scientific Objectives
3. Discuss Critical Engineering & Technical |ssues

a. orbit architecture

b. radiometer frequencies
c. general algorithm design
d. radiation-cloud modeling

e. design & focus of validation system
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‘”@ GPM’sKey Science Theme

GPM jog

Global Water & Energy Cycle
éf:w \/[p ._

e GOAL: observe understand, & model Earth system to
Uncertainty in global

learn how it is changing, & consequencesfor life on Earth.
e SOLUTION: Establish existence (or absence) of trend
in rate of global water cycle -- acceleration would lead to
faster evaporation, increased global average precipitation,
& general increase in extremes, particularly droughts &

Advanced rainfall measurement core satellite will make trﬁpicgl rainfgllesdtifmates
: : B : as peen reduced trom
detall_ed & aC(_:urate est|ma_ttes of pre_C|p|tat|on strgcture 50% to 25% using TRMM
& microphysical properties -- while constellation of data
drone satellites flying passive microwave radiometers

floods.
will provide required temporal sampling of highly

Currents,

GPM will extend TRMM's observations of rainfall rates to higher }
Upwelling

latitudes thus vyielding more complete and accurate
representation of global water cycle.

variable precipitation systems.
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General Equation
GPM S=P-E-DIV-RO
Oceanic Water Budget

3D vapor

vertical divergence of
vertical eddy transport

total water tendency or cloud water evapor ation condensation
(vapor or cloud water) divergence sublimation deposition of vapor or cloud water
zq, (p)/ 2t =-B+V(p)q, (p) - Zway (P)/2p +ePE - cP - Z[ay(p)Tw(p)' / Zp
2ay () /2t =-B VP& (P) - Zocac P /2 - e+ C) - ZTa (P Tocp) / 20
I VERTICALLY INTEGRATE |
W, = - U.ow - U-OWw, ¥ E P
column vapor & vapor cloud water evapor ation pr ecipitation
cloud water storage advection advection
Continental Water Budget -- Not Same Problem
S = - U.Ogq - RO - BF  + P - E
soil moisture/ interflow surface runoff precipitation evaporation
surfacewater/ (water advection) & baseflow deposition [ground/leaf/snow]
sur face snow/ice [bulldozer & recharge treeleaf-needledrip transpiration or ET
storage [dump trucks] canopy snow blowoff sublimation
[nuclear bombsg]
[continental drift]
3
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ﬁQ}i NASA ESE Strategy for Earth System Science

GPM

Forces
Acting on
Earth
System

Earth
System
Response

= |mpacts

How is Earth changing & what are
consequences for life on Earth ?

1. Howisglobal Earth system changing ?

2. What are primary causes of change of
Earth system ?

3. How does Earth system respond to
natural & human-induced changes ?

4. What are consequences of changein
Earth system for human civilization ?

5. How well can future changesin Earth

Climate Feedback system be prediicted ?

GPM Planning Workshop (Purpose): Eric A. Smith May 16, 2001



GPM’s
Nine (9)
GPM Science
Discipline
Areas

Weather,
Climate, &

Hydrology

(1) Climate Diagnostics: refining & extending precipitation
climatologiesincluding snow climatologies; detecting statistically
significant global & regional precipitation trends

(2) Global Water & Energy Cycle/ Hydrological
Predictability: global water & energy cycle (GWEC) analysis
& modeling; water transports; water budget closure;

hydr ometeor ological modeling; fresh water resour ces prediction

(3) Climate Change/ Climate Predictability: climate-
water -radiation states; climate-change analysis & prediction;
GWEC responseto climate change & feedback;

(4) Data Assimilation / Weather & Storms Predictability:
rainfall data assimilation; global-regional scale NWP techniques

(5) MBL Processes. air-seainterface processes & surface flux
modeling; ocean mixed layer salinity changes

(6) Land Processes. land-atmosphereinterface processes &
surface flux modeling; integrated surface radiation-ener gy-water -
carbon budget process modeling

(7) Coupled Cloud-Radiation M odels: diagnosis of cloud
dynamics, macr ophysical/microphysical processes, & response of
3D radiation field; parameterizing microphysics & radiative
transfer in nonhydr ostatic mesoscale cloud resolving models

(8) Retrieval/Validation/Synthesis. physical retrieval of
precipitation & latent heating; algorithm calibration & products
normalization; algorithm validation & quantification of
uncertainty; synthesis of validation for algorithm improvement

(9) Applications/Outreach: weather forecasting; flash flood
forecasting; news media products; educational tools

GPM Planning Workshop (Purpose): Eric A. Smith

May 16, 2001 5 @



f@ GPM Reference Concept

GPM

OBJECTIVE: Understand Horizontal & ,“ OBJECTIVE: Provide Sufficient
Vertical Structure of Rainfall & Sampling to Reduce Uncertainty in
Its Microphysical Nature. Train & 5 Short-term Rainfall Accumulations.
Calibrate Algorithms for Constellation \ Extend Scientific and Societal
Radiometers. S Applications.

Core Satellite Constellation Satellites
= TRMM-Like S/C, NASA = Dedicated Small or Pre-existing
e H2A Launch, NASDA \ y B Experimental & Operational
= Non-Sun Synchronous Orbit - -y —. a gatéa_llltes with PMW
~ 65° Inclination g 3 A R:viI:iT'(la'E?r:Z
~450 km Altitude 3-Hour goal
- ilfja:;?;;:g(?; Radar, NASDA - Sun-Synchro_nous Polar Orbits
~ 4 km Horizontal Resolution ~600 km Altitude
~250 m Vertical Resolution
= Multifrequency Radiometer, NASA
10.7, 19, 22, 37, 85 GHz V&H Pol

Global Precipitation Processing
Center

= Produces Global Precipitation Data Product
Streams Defined by GPM Partners

Precipitation Validation Sites

= Selected & Globally Distributed Ground- Based Supersites
(polarimetric radar, radiometer, raingages, & disdrometers) &
Dense Regional Raingage Networks

GPM Planning Workshop (Purpose): Eric A. Smith May 16, 2001 6




_Evolution of GPM
Satellite Constellation
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GPM Systematic M easurement Cover age
(Core+ 6 constellation member s)
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3-hour sensor ground trace
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/ 4. Global Precip itation Mission (GRAVI) Purpose

R 1 Messtre Ranfll Acurady, Globelly, & Giten
2 Stimulate GWC Resear dh Ac ossScale Soectrum
GPM 3. Under wite Gmpdling Rainfal-Basal Applications

4. Improve $ace Tehndagy for Rainfal & Syer gsticMeasur anents
5. Deiver Hfective Education/Medial Commer ¢al Outreach Program

Better Rain Measuring Better Sampling Better Methodologies
DD-centric with constellation dedgn & mar riage of measurements &
physical validation @O dta infusion prediction models

Overar ching Science & Technology Gaals
Tehndogy Reeardh Apdications

* advace mutipar aneer e uncerstand & qartify e imp oveQH- o

ran ralar ingruments GWCdynamics& vaidailityof  lendling TCs& MG

anmoshoayoehydrogpheres

* advance SA/RA e sak dosred massanergy  imp oveflagh floa

ran raiomge indruments budge sat basn scakes forecastsdf dpinestorms
* moetonard qpearatianal pac- understand r datiandhips e imp overedidiond

based ran meaauring system between GWC& dimete fresh water resaur s

and underlying predictability
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